Glutamate dehydrogenase (GDH) was studied to establish the genetic system of GDH isozymes in section Cepa of Allium . Detailed analyses of the GDH zymograms of the diploid and triploid hybrids between A. fistulosum and A. cepa Aggregatum group revealed that the degree of association of the GHD subunit varied from monomer to hexamer. The GDH expressions in the two cultivated and four wild species used in this study were governed by two alleles Gdh-1F and Gdh-1A at a single locus (Gdh-1 ). In A. fistulosum, A. galanthum, A. oschaninii and A. altaicum, the allele Gdh-1F was observed, while Gdh-1A was noticed in A. cepa Aggregatum group, A. cepa Common onion group and A. vavilovii These results indicate that the GDH isozyme genes are useful genetic markers in section Cepa.
Introduction
Section Cepa in Allium which is small group includes the two economically important cultivated species, A. cepa L. and A. fistulosum L., and some wild species (Hanelt, 1990; McCollum, 1974) . The wild species of the section is divided into 3 groups of species, namely (1) the galanthum group, comprising A. galanthum Kar. et Kir., A. farctum Wendelbo and A. pskemense B. Fedtsch., (2) the oschaninii group, comprising A. oschaninii 0. Fedtsch., A. praemixtum Vved. and A. vavilovii M. Pop. et Vved., and (3) the altaicum group, comprising A.
altaicum Pall. and A. rhabdotum Stearn (Hanelt, 1985) . The center of distribution of the wild species is located in the central Asian mountains of Turkestan (Hanelt, 1990) . Various favorable characters for use in breeding include resistance to Peronospora destructor in A. oschaninii, A. vavilovii and A. altaicum, Botrytis allii in A. vavilovii and A. pskemense and to Phoma terrestris in A. galathum , winter hardiness and high vitamin C content in A.
altaicum and heat and drought resistance in A.
vavilovvi, A. oschaninii and A. pskemense (Hanelt, 1985; Kazakova et al., 1982; Kuckuck and Kobabe, 1962) . Some attempts have been reported to introduce these characters to the cultivated species (Ershov et al., 1983; Kuznetsov and Tugolukova, 1980; Netherlands, institute for horticultural plant breeding, 1986; Sangare and Kokoreva, 1984; Van Raamsdonk et al., 1992; Vorob'eva et al., 1987) .
It is necessary to establish plenty of genetic markers for conducting such works efficiently.
Isozyme gene is one of the useful genetic markers because of the co-dominant expression (Moore and Collins, 1983) . However, before the isozyme marker is applied in practice, it is imperative to clarify its genetic system. Isozyme polymorphisms were reported in both A. fistulosum and A. cepa (Cooke et al., 1986; Haishima and Ikehashi, 1992; Halijah and Raniah, 1990; Makinen, 1968; Mangum and Peffley, 1994; Peffley and Orozco-Castillo, 1987) . Linkages between some isozyme genes were investigated in A.
fistulosum (Haishima et al., 1993) and in the hybrids between A. fistulosum and A. cepa (Cryder et al., 1991; Van der Valk et al., 1991) . Chromosomal locations of a few isozyme genes were determined in A. fistulosum (Peffley and Currah, 1988; Shigyo et al., 1994) and A. cepa (Shigyo et al., 1994 In the present study, GDH isozyme analyses were performed to establish the genetic system of GDH in section Cepa, including wild species.
Materials and Methods

Plant materials
The following plants were used: two cultivars and two clones of Japanese bunching onion (A. fistulosum), three clones of shallot (A. cepa Aggregatum group), seven cultivars of common onion (A. cepa Common onion group), two strains of A. Figs. 1 and 2 ). In the first and second types, four to six bands were arranged at intervals of even spaces. Further, specific activities of these bands declined gradually from cathode to anode, and the band ladders of these two types got out of positions. In the third type, only one band was observed and it showed the same migration Geyt et al., 1988) . The present authors have also 
